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LEGACY AND NEW WIRELLESS
COMMUNICATION DEVICE COEXISTING

AMBLE SEQUENCE

CROSS-REFERENCE TO RELAT
APPLICATION(S)

s
w

This application 1s related to and claims priority to U.S.
provisional application entitled MANAGING A WIRELESS
NETWORK having Ser. No. 60/822,861, by Chenxi Zhu,
Wei-Peng Chen and Jonathan Agre, filed Aug 18, 2006 and
related to and claims priority to U.S. provisional application
No. 60/822,791 filed Aug. 18, 2006, all of which are incor-
porated by reference herein.

BACKGROUND

1. Field
The embodiments discussed herein relate to wireless com-
munication device/network amble sequence or synchroniza-

tion symbols.
2. Description of the Related Art
Preambles are often used 1n wireless networks for network

identification, time and frequency synchronization of wire-
less communication devices with the network, and/or channel

estimation. In wireless cellular networks, preambles are sym-
bols known by the wireless communication devices. A first
device, like a wireless network infrastructure device (a base
station 1n cellular network for example), broadcasts (trans-
mits) well known to the device amble sequences periodically
in a fixed location (oiten the beginning of the frame and called
preamble) of every frame. A second wireless communication
device looks for preambles to find nearby first devices and to
get time synchronization and frequency synchronization with
the wireless network.

Sometimes 1t 1s necessary to introduce new amble
sequences 1nto a wireless communication system for a new
type of wireless communication device. A possible reason for
having to introduce new amble sequence for new devices 1s
that due to some limit of the system design, the new devices
might have a need to receive amble sequences other than the
legacy preamble Both new devices and legacy devices can
coexist in the same network, where legacy devices are
designed to recognize only the old preambles. It 1s important
that any new amble sequences designed to be recogmizable to
the new devices do not cause confusion to the legacy devices.

SUMMARY

It 1s an aspect of the embodiments discussed herein to
provide new and legacy wireless communication devices
coexisting wireless communication amble sequence or syn-
chronization symbol (heremafter referred to as an amble
sequence or simply an amble), broadcasted or transmitted at
any fixed or known location with respect to a wirelessly
communicated data frame, such as (without limitation) a pre-
amble(s), a midamble(s), a postamble(s), or any combina-
tions thereof.

According to an aspect of an embodiment, the wireless
network broadcasts (transmits) both the legacy ambles and
new ambles to support both legacy wireless communication
devices and new wireless communication devices. A legacy
or existing wireless communication device should not get
confused by or should not recognize or lock on a new wire-
lessly transmitted amble targeted for the new wireless com-
munication devices.
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According to an aspect of an embodiment, a new type of
amble sequence for wireless communication network with
mixed wireless communication nodes (devices) 1s con-
structed. The new amble sequence 1s visible to some nodes
while 1nvisible to other nodes. According to an aspect of an
embodiment, a wireless communication network generates a
new wirelessly broadcasted or transmitted amble sequence,
such as a preamble, midamble, postamble, or any other spe-
cial wireless communication synchronization symbol, recog-
nizable only by the new wireless communication device, but
not recognizable by the legacy wireless communication
device, so the legacy wireless communication devices will
not be confused by new symbols.

The embodiments generate an amble sequence 1n a wire-
less network having a first amble sequence by generating a
second amble sequence 1n a frequency domain having a low
correlation with the first amble sequence, and generating a
third amble sequence based upon the second amble sequence
and having a low correlation with the second amble sequence.

These together with other aspects and advantages which
will be subsequently apparent, reside 1n the details of con-
struction and operation as more fully heremnafter described
and claimed, reference being had to the accompanying draw-
ings forming a part hereof, wherein like numerals refer to like
parts throughout.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a diagram of a Mobile Multi-hop Relay-Based
Cell (MMR-cell).

FIG. 2A 1s a flow chart of generating a new wireless device
amble, according to an embodiment.

FIG. 2B 1s a diagram of data frames 1n the MMR-cell,
according to an embodiment.

FIG. 3 1s a functional block diagram of an apparatus gen-
erating an amble sequence according to an embodiment.

FIG. 4 1s a functional diagram of processing layers (soft-
ware and/or computing hardware) 1n the apparatus of FIG. 3,
according to an embodiment.

DETAILED DESCRIPTION OF TH.
EMBODIMENTS

L1l

The embodiments generate a new type of amble sequence
for a wireless communication network with mixed nodes, by
generating, based upon the existing amble sequences for a
first node, a first amble sequence 1visible to the first node,
and generating a second amble sequence having a low to zero
cross-correlation with the first amble sequence, based upon
the first amble sequence. The first and second amble
sequences are broadcast in alternating communication link
frames.

The embodiments can be included 1n any wireless commu-
nication network using Orthogonal Frequency Division Mul-
tiplexing (OFDM) at the physical layer. The embodiments are
not limited to but can be included in any Broadband Wireless
Access Standards, such as (without limitation) IEEE 802.16
standards (also known as Worldwide Interoperability for
Microwave Access (WiIMAX) networks), and which at the
physical layer specily various network access specifications
based upon Frequency Division Duplex (FDD) systems, such
as (without limitation) orthogonal frequency division multi-
plexing (OFDM), orthogonal frequency-division Multiple
Access (OFDMA), frequency division multiplexing (FDM),
and/or frequency division multiple access (FDMA).

in a wireless communication cellular network, {for
example, a WiIMAX wireless cellular network, using radio
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relays can be an effective way to increase the signal quality of
the users by replacing a long, low quality wireless communi-
cation link between a. Base Station (BS) and a Mobile/Sub-
scriber Station (MS/SS) (hereinatter referred to as MS) with
multiple shorter, high quality links through one or multiple
Relay Stations (RSs). As relay stations do not require their
own wired backhauls, and are often less sophisticated than a
tull functional BS, relay stations are less expensive to deploy
and operate than a traditional BS. A relay station could extend
the service of the BS to coverage holes where users would
otherwise not get services, and extend the effective cell size of
a BS. A relay station could also be used to improve the Carrier
to Interference-plus-Noise Ratio (CINR) and Quality of Ser-
vice (QoS) of the users and enhance the cell capacity.

A relay technique can be by IEEE 802.16 standard, includ-
ing 1n the 802.167 Relay working group. In IEEE 802.16;
standard, a relay station communicates to the BS like a MS,
and communicates with the MS 1n 1ts coverage area (called
RS-microcell) like a BS. The overall service coverage area of
a BS and all the associated RSs can be called a Mobile
Multi-hop Relay-Based Cell (MMR-cell or MMR network).

According to an aspect of an embodiment, a new amble
sequence can be generated for wireless communication net-
works having coexisting new and legacy (existing) wireless
communication devices. One example embodiment gener-
ates a new amble sequence for the WiMAX mobile multihop
relay network (MMR-cell), where a Relay Station (RS) as
new type of wireless communication device 1s introduced and
needs wireless communication synchronization with the base
station (BS) and/or other RSs through the new amble
sequence, while legacy or existing wireless communication
devices, such as mobile stations (e.g., wireless phones, wire-
less personal digital assistants, wireless media players, etc.)
should not be confused by or should not unnecessarily rec-
ognize the new amble sequence targeted for the new RSs.

According to an aspect of an embodiment, a wireless com-
munication amble sequence or synchronization symbol
(heremaftter referred to as an amble sequence or simply an
amble) 1s any wirelessly transmitted signal, modulated
sequence of binary bits (e.g., 0, 1, typically converted to -1,
+1), pulses, or any combinations thereof used 1n a wireless
communication network for any type of wireless communi-
cation synchronization by wireless communication devices/
systems, including (without limitation) i1dentification (e.g.,
network identification, wireless device identification, etc.),
time and/or Irequency synchronization, estimation (e.g.,
channel estimation), calibration, etc.

The embodiments apply to a wireless communication net-
work using FDD and/or TDD and with mixed nodes, 1n which
first nodes might require a first amble sequence and other
second nodes might require a second amble sequence while
the first amble sequence 1s mnvisible to the second nodes, and
any combinations of such first and second amble sequences
being visible and/or 1nvisible to any number of nodes from
among the mixed nodes. In one example embodiment, FIG. 1
1s a diagram of a topology of an MMR-cell 100 with a BS 102
and tworelay stations (RS1 and RS2)104a,1045. The BS 102
1s serving the MSs, . 106a-f 1n the set MS, . directly (MS;,
106a and MS, 1065). Two relay stations (RS, 104a, RS,
104b) are used to extend the coverage of BS 102 and serve
MSs,_, 106c-f 1n the set MS, ., (MS; 106¢c, MS, 106d) and
MS, ., (MS: 106e, MS, 106/). The MMR-cell 100 1ncludes
the coverage area of the BS 102 and all the RSs 104.

The embodiments are described based upon an amble
sequence for an MMR-cell 100 using OFDM/OFDMA wire-
less network access at the physical layer and in which new
(e.g., RS 104) and legacy (e.g., MS 106) wireless communi-
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cation devices coexist. In FIG. 1, using an OFDM or OFDMA
system as an example, when a new wireless communication
device, for example, the RSs 104 are introduced, an old or
existing amble sequence P, for example, the old preamble
(called legacy preamble) 1s sent/transmitted by the BS as an

OFDM symbol with a known modulated sequence, such as
Binary Phase-Shift Keying (BPSK), Quadrature phase-shiit

keying (QPSK), Phase Shift-Keying (PSK), QPSK or
Quadrature amplitude modulation (QAM), or any combina-
tions thereol. The legacy preamble 1s recognizable or known
by the MSs 106 as legacy wireless devices. Assuming the Fast
Fourier Transform (FFT) size of the OFDM signal 1s N
and the number of actually used subcarrier 1s N, .5, 10 Ire-
quency domain the legacy preamble symbol can be repre-
sented only 1n the used subcarriers:

P=[py, ... (1)

The component of p, of the vector P 1s a complex number
corresponding to (selected from) the constellation points of
the modulation scheme. For example, p,e{-1,1} for BPSK
modulation and p,e{-1.1,1,-1} for QPSK modulation (subject
to arbitrary phase rotation). A different vector P can corre-
spond to a different amble sequence. In Equation (1), 1 1s
index of used OFDM/OFDMA sub-carrier number. Q can be
the time domain signal of the amble sequence P, T=1/Af (1.¢.,
time duration of an amble sequence betfore appending guard
time). Al can be OFDM/OFDMA spacing of two adjacent
subcarriers in the OFDM/OFDMA system. Assuming the 1-th
clement of sequence P 1s used to modulate physical subcarrier
k(1), 1=k(1)=N,. the complex baseband signal for the time
domain signal of P can be:

» pf? - pNUSED]

- (2)
O = Z PREjZﬂR(:)&ﬁ

=1

The amble sequence P can be known to (recognizable by)
both the legacy and any new devices, such as BS 102, RS 104
(e.g., an RS new device) and/or MS 106. According to an
aspect of an embodiment, the legacy amble sequence has been
chosen based on some consideration, such as low peak-to-
average-power-ratio (PAPR) and/or low cross-correlation. In
an OFDM/OFDMA based system, a device (legacy or new
types) may locate the location of the amble sequence by
computing the cross-correlation of 1ts recerved signal r(t) and
r(t+1,), where "I, 1s the repeating period of the transmitted
preamble sequence (frame length of preamble 1s sent 1n every

frame) and finding the correlation peak can be expressed by
Equation (3):

(3)

According to an aspect of an embodiment, a cross-corre-
lation locating an amble sequence refers to when a device
(e.g., MS 106, RS 104) recognizes the amble sequence
appearing at every frame at a fixed or known location, the
amble being substantially identical in every frame. The
device performs a cross-correlation based upon collecting
wireless signal samples at time windows of same size (a time
window has a length of the amble sequence) but at different
times (for example, adjacent downlink/uplink communica-
tion frames) and multiplying the complex conjugate samples.
According to an aspect of an embodiment, the sample frames
are not limited to adjacent frames, but can be averaged over
any number of adjacent frames. In other words, the samples
are collected from times that are frame-duration apart, and the
device adjusts or gradually shifts its time window until 1t

max,|[pr(1+T) #* (T pr+i)d]
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detects a strong correlation peak, when the ambles fall into
the correlation window. This process takes advantage of the
fact that the amble sequence 1s repeated periodically. Further
signal processing 1s required to determine which amble
sequence 1s sent from the set of all the defined sequences. In
other words, a strong correlation peak among a number of
frames might only indicate a possible received amble
sequence, by being substantially identical, however, the
device cannot distinguish which amble sequence has been
sent from among a set of amble sequences known by the
device unftil further signal processing against amble
sequences known to the device—e.g., stored in computer
readable media by the device. Amble sequence cross-corre-
lation can be performed by any of the wireless communica-
tion devices during uplink or downlink frame communication
(as the case may be). Thus, i a new amble sequence 1s
introduced, existing devices may lock onto the new amble
sequence by using the previous described scheme, perform
turther processing to distinguish the new amble sequence, but
determine the new amble sequence 1s not known or needed,
prolonging unnecessarily 1ts time to get synchronized with
the network.

Although one example embodiment 1s described based
upon an MMR cell 100, the embodiments are not limited to
such a configuration and can be for any wireless communi-
cation network using ambles for network identification and/
or synchronization. According to an aspect of an embodi-
ment, a plurality of amble sequences can be constructed and
broadcasted by any wireless communication device that
establish network time and/or frequency references, from
among which a first set of devices cannot lock onto but
another set of device can lock onto. For example, if a first set
of device can detect a first amble sequence, when the first set
of device aligns 1ts time windows with a received signal
sample imncluding a second amble sequence, the first set of
device does not detect a strong cross-correlation peak or 1n
one embodiment finds substantially zero (including zero 1n
the range) cross-correlation peak with the second amble
sequence, thus the second amble sequence 1s transparent to
the first set of device. However, a second set of devices can be
programmed to locate and detect the first amble sequence, the
second amble sequence, or any combinations thereof.

In a wireless communication network, a new preamble
might need to be generated for any new devices mtroduced in
the wireless communication network, such as (without limi-
tation) an RS 104 providing an MMR-cell 100, to get time and
frequency synchronization with the new device while coex-
1sting with the legacy preamble 1n the same network. Accord-
ing to an aspect of an embodiment, 1n the MMR-cell 100, a
new amble sequence (RS synchromization amble 1n a data
frame) 1s constructed for the RS, which 1s sent (without limi-
tation) by a BS 102 and/or a master RS 104 and recognizable
by the RSs 104, including a slave RSs 104 (1.e., a master RS
to other RSs link(s) exist), and transparent to MSs 106 as
existing or legacy devices. The legacy devices, such as MS
106, might only be designed to synchronize with the legacy
preamble and they should not get confused by the new pre-
amble targeted for the RS 104. According to an aspect of an
embodiment, a legacy amble sequence, a new amble
sequence, or any combinations thereof can be broadcasted by
various wireless communication devices. For example, the
new and legacy amble sequences can be broadcast by the BS
102 or other devices (as the case may be). According to an
aspect of an embodiment, a new amble, such as a new pre-
amble, 1s generated 1n such a way that the new preamble 1s
invisible to the legacy devices and only visible to the new
devices, as follows:
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FIG. 2 1s a flow chart of generating a new wireless device
amble, according to an embodiment. At 202, a second amble
sequence P' of length N___ . having a low cross-correlation
with the first legacy amble sequence P 1s found (established or
generated) according to known techniques:

P'=[p'y, - - s PNyl (4)

Lised

I
O

Other requirements may be considered when P' and P"

(described below) are generated, such as peak-to-average-
power ratio (PAPR) of the amble signal. P' and P" need to
satisty these other requirements as well. The length N of
sequence P' can be according to application criteria. P' time

domain signal 1s QQ'. The cross-correlation between P and P!
shall be comparable to the cross-correlation of two random
noise sequences ol the same length.

At operation 204, athird amble sequence P" 1s generated or
constructed by reversing (flipping, changing) polarity of one
or more components 1n the second amble sequence P!, for
example, by flipping polarity of components in the second
amble sequence P!, for example, by tlipping the polarity of

alternate bits of the second amble sequence P' as follows:

T L (5)

P”f:(—l)sz’f: 1=1=Nysep (6)

Flipping the polarity of p', refers to reversing its sign. For
example, at operation 204, with Equation (7), the polarity of
alternate bits of the amble sequence P' 1s flipped to generate
P". For example, at operation 204, the polarity of every other
bit can be flipped. In case of changing the polarity of alter-
nating bits of the second amble sequence P', the third amble
sequence P" can have substantially low to zero cross-corre-
lation with the second amble sequence P'. The cross-correla-
tion between P' and P" 1s

<P, P> = (7)

Nusep NUSED

f Q@ mdr= ) )

T i=1 -1

T

NuseD

T Y pipf
i=1

0, when Nysgp 18 even;

NUSED
=T ) (-1 :{
i=1

T, when Nygp 1s odd.

According to another embodiment, at operation 204, P
can be constructed by multiplying every bit with an indepen-
dent and 1dentically distributed random variable, for example,
with discrete value {-1,+1} generated with equal probability.
For example, P" can be generated by Equation (8), where 1. 1s
an Identical Independent Distribution (1.1.d.) discrete random
variable taking value of {-1,+1} with probability of 0.5.

(8)

P'=lp' 1=i=Nysep

Equation 9 establishes that signals P' and P" also have very
low or zero cross-correlation when using Equation (8) based
upon a random variable generated with equal probability. A
verification whether P' and P" have a low cross correlation
operation might be needed. The time domain signal of P' 1s
Q". When Equation (8) 1s used to generate the sequence P",
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E(<P, P'>) = E( f Q' (T)Q" (1) cﬁ’r] = ©)
T

Nusep NUSED | .
SN E(p;fp;ff-* f 2T f TR () cfr] _
| T

i=1 =

NUSED NUSED

T Y Epip)=T ) Ed)=0.
i=1 i=1

Operation 206 verifies whether P" also has low cross-
correlation with P and whether P! and P" satisiy other require-
ments (an example of such requirements may be that the
peak-to-average-power ratio of the signal 1s below some
threshold). According to an aspect of an embodiment, opera-
tion 206 can be optional, because P' has a low cross-correla-
tion with P and P' and P" have a low cross-correlation. It any
requirements of operation 206 are not met, then operations
202-206 can be repeated by finding at operation 202 another
amble sequence P' having a low cross-correlation with P.
According to an aspect of an embodiment, if, at operation
206, the requirements of P' and P" are all met, at operation 208
a wireless device, such as a BS can transmit the second and
third amble sequences P', P" as a pair in alternating frames or
other periods necessary for the synchronization process. For
example, a wireless device can wirelessly transmit P' 1n even-
numbered frames and P" 1n odd-numbered frames of a wire-
less communication network, for example, mm a downlink
communication (or uplink communication as the case may
be), because P' and P" have substantially low to zero cross-
correlation, such that a legacy device (MS 106) searching for
an amble sequence by doing cross-correlation between sig-
nals i adjacent frames (1.¢., the legacy devices cross-corre-
late on received signal samples r(t) and r(t+1)) will not
observe a correlation peak or detect P' and P". FIG. 2B 1s a
diagram of data frames 1n the MMR-cell, according to an
embodiment. In FIG. 2B, at operation 208, in downlink com-
munication link data frames (downlink/uplink subirames)
220, P'and P" amble sequences as postambles are transmaitted
in alternate frames. The embodiments are not limited to FIG.
2B, and P' and P" can be preambles, midambles, and/or pos-
tambles, transmitted and recognized by various wireless com-
munication devices, while invisible to other wireless commu-
nication devices like legacy MS 106.

At operation 210, one example way a new device can
achieve synchronization with the BS 1s by performing cross-
correlation of its recerved signal r(t) with r(t+21 ) and allo-
cating the correlation peak:

max;|fpr(#+7) 7* (2T At+t)dv (10)

The new device can further use signal processing to 1den-
tify the amble pair (P',P"). For example, 1n FIG. 2B, this way
any desired new device (in this example an RS 104) can
recognize the new postambles P' and P" and sync with them,
but a legacy device ({or example an MS 106) will not recog-
nize or lock onto the new postambles P' and P" when the
legacy device 1s conducting search with the process of Equa-
tion (3) and continues searching until locking onto legacy or
existing preambles P. At operation 210, a way for a new
device to locate the positions of the second or third amble
sequences 1s to do cross-correlation of signal samples in two
frames apart.

Because a legacy device 1s not aware of this new amble
pair, the legacy device can continue locating the legacy pre-
amble according to Equation (3). In other words, 11 a legacy
device calculates the cross-correlation of its received P' or P
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amble sequences as signal r(t) with 1ts known preamble of P,
the legacy device will not observe a strong correlation peak,
because of the low cross-correlation between P and P! (or P").
If the legacy device calculates the autocorrelation of the sig-
nals r(t) and r(t+7T), the legacy device will not observe a
correlation peak 11 its time window falls onto the preamble P!
and P", because the cross-correlation between P' and P" 1s
zero or small (T). Either way the legacy devices will not detect
the new preamble and will not get confused. One example
benellt of the embodiments 1s non-degraded service provided
to the legacy devices as the new type of devices are intro-
duced.

According to an aspect of an embodiment, a new device
can detect both the legacy amble and the new amble, and a
legacy device can only detect a legacy preamble. For
example, a legacy device will only sync with the legacy
preamble, and a new device has the choice to sync with either
new or the legacy preamble. Although the described embodi-
ment uses a preamble as an example, the embodiment 1s not
limited to such a configuration, and according to an aspect of
an embodiment other special periodic symbols can be con-
structed, such as (without limitation) a midamble, which can
be used for device synchronization and channel estimation.

It 1s an aspect of the embodiments discussed herein to
provide new and legacy wireless communication devices
coexisting wireless communication amble sequence or syn-
chronization symbol (heremafter referred to as an amble
sequence or simply an amble), broadcasted or transmitted at
any fixed or known location with respect to a wirelessly
communicated data frame, such as (without limitation) a pre-
amble(s), a midamble(s), a postamble(s), or any combina-
tions thereol.

FIG. 3 1s a functional block diagram of an apparatus gen-
erating an amble sequence according to an embodiment. In
FIG. 3, the apparatus can be any computing device wireless F
broadcasting an amble sequence, for example, (without limi-
tation) functioning or operating as a Base Station 102. Typi-
cally, the apparatus 300 includes a display 302 to display a
user interface. A controller 304 (e.g., a central processing
unit) executes instructions (e.g., a computer program or soit-
ware) that control the apparatus to perform operations. Typi-
cally, a memory 306 stores the instructions for execution by
the controller 304. According to an aspect of an embodiment,
the apparatus 1s 1n communication with any computer read-
able media 310, such as (without limitation) physical com-
puter readable recording media (e.g., a hard drive, memory),
or wire/wireless communication network unit(s) imple-
mented 1n software and/or computing hardware communicat-
ing via wire/wireless carrier wave signals. According to an
aspect of an embodiment, the apparatus 302 1s 1n wireless
communication with a target wireless communication net-
work, such as (without limitation) MMR-cell 100. The dis-
play 302, the CPU 304, the memory 304 and the computer
readable media 310 are 1n communication by the data bus
308.

FIG. 4 1s a functional diagram of processing layers (soft-
ware and/or computing hardware) 1n the apparatus of FIG. 3,
according to an embodiment. In FIG. 4 the processing layers
comprise a network layer 402, a Media Access Control
(MAC) layer 404 and a physical layer 406. FIG. 4 processing
layers are logical layers, and the embodiments are not limited
to these example processing layers and other processing layer
confligurations may be provided. According to an aspect of an
embodiment, the network layer 402 1s soitware executed by
the controller 304. The MAC 404 and physical layers 406 are
software and/or computing hardware as the wireless commu-
nication network unit 310. The embodiments generating
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legacy/new wireless communication device coexisting amble
sequences can be software (as stored or encoded on any
known computer readable media 310, such as computer read-
able recording medium, without limitation, a compact disk, a
Digital Versatile Disc (DVD), memory, or communication
media, such as carrier wave or electromagnetic signals, etc.)
and/or on any computing hardware. The embodiments gen-
crating a legacy/new device coexisting amble sequences P
and P" can be included 1n the MAC layer 404 with the physi-
cal layer 406, transmitting and/or receiving (searching for)
the coexistable amble sequences P' and P", 1n target wireless
network nodes, for example, in a BS 102 and/or RS 104. In
FIG. 4, typically (without limitation) the network layer 403
provides wire and/or wireless communication access to pri-
vate/public network(s) (e.g., Internet) other than the target
wireless network, for example (without limitation) MMR -
cell 100. The network layer 403 can be used for management
functions, such as configuration/parameter set up of the BS
102, including a download of embodiments 1n case of soft-
ware, download of amble sequence P known by the BS 102,
and/or download of generated new amble sequences P' and
P".

According to an aspect of an embodiment, a new type of
amble sequence for wireless communication network with
mixed nodes 1s constructed. According to an aspect of an
embodiment, the new amble sequence 1s visible to some
nodes while ivisible to other nodes. According to an aspect
of an embodiment, the new amble sequence comprises two or
more amble sequences. In other words, a wireless communi-
cation device 1s programmed to detect the new amble
sequence by cross-correlating 1n two or more frames apart.
One embodiment provides a new amble sequence comprising
paired amble sequences by generating a first amble sequence
invisible to a first node based upon an existing amble
sequence for the first node and generating a second amble
sequence having a low to zero cross-correlation with the first
amble sequence, based upon the first amble sequence; and
broadcasting the first and second amble sequence as a pair in
alternating communication link frames. In case of paired
amble sequences P', P", a device can cross-correlate based
upon two frames apart to recognize P', P" pair on received
signals comprising alternating P', P", P', P". According to an
aspect ol an embodiment, operations 202-206 can be per-
formed on a need basis, for example, upon introduction of a
new wireless communication device, and thereafter opera-
tions 208-210 are performed to conduct wireless communi-
cation according to application. However, the embodiments
are not limited to such a configuration, and operation 202-206
can be performed dynamically (real-time) according to appli-
cation criteria.

The many features and advantages of the embodiments are
apparent from the detailed specification and, thus, 1t 1s
intended by the appended claims to cover all such features
and advantages of the embodiments that fall within the true
spirit and scope thereof. Further, since numerous modifica-
tions and changes will readily occur to those skilled 1n the art,
it 1s not desired to limit the inventive embodiments to the
exact construction and operation 1llustrated and described,
and accordingly all suitable modifications and equivalents
may be resorted to, falling within the scope thereof.

What 1s claimed 1s:

1. A method of generating an amble sequence 1n a wireless
communication network having a first amble sequence, com-
prising:

generating a second amble sequence 1n a frequency domain

having a low cross-correlation with the first amble
sequence;
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generating a third amble sequence based upon the second
amble sequence and having a substantially low to zero
cross-correlation with the second amble sequence;

transmitting a pair of the second and third amble sequences
with each amble sequence of the pair 1n an alternating
frame of the wireless communication network.

2. The method of claim 1, wherein the generating of the
third amble sequence comprises tlipping signs of one or more
components 1n the second amble sequence.

3. The method of claim 2, wherein the tlipping of the signs
of the component of the second amble sequence comprises
tlipping the signs of alternating components of the second
amble sequence, or flipping the signs of the components of
the second amble sequence following a random variable, or
any combinations thereof.

4. The method of claim 3, wherein the signs of the compo-
nents of the second amble sequence 1s randomly changed
according to a discrete random sequence of {-1, +1} gener-

ated mmdependently with equal probability.

5. The method of claim 1, further comprises verifying
whether the third amble sequence has a low cross-correlation
with the first amble sequence.

6. The method of claim 1, wherein:

the wireless communication network 1s a WiMAX Mobile

Multi-hop Relay-Based network comprising one or
more base station, one or more relay stations, and one or
more mobile stations, and

the first amble sequence 1s transmitted by the base stations

and recognizable by the relay stations and the mobile
stations, and

the second and third amble sequences are transmitted by

the base stations and only recognizable by the relay
stations.

7. The method of claim 1, further comprising detecting the
second and third amble sequences by cross-correlating a
received signal sample two frames apart corresponding to the
alternating frames.

8. The method of claim 7, wherein the first, second, and
third amble sequences are based upon Orthogonal Frequency
Division Multiplexing wireless communication systems.

9. A method of generating a new type of amble sequence
for a wireless communication network with mixed nodes,
comprising:

generating, based upon an existing amble sequence for a

first node, a first amble sequence invisible to the first
node;

generating a second amble sequence having a low to zero

cross-correlation with the first amble sequence, based
upon the first amble sequence; and

broadcasting a pair of the first and second amble sequences

with each amble sequence of the pair 1n an alternating
communication link frame or other duration necessary
for network synchronization.

10. The method of claim 9, wherein the generating of the
second amble sequence comprises flipping signs of one or
more components 1n the first amble sequence.

11. The method of claim 10, wherein the flipping of the
signs of the components of the first amble sequence com-
prises flipping the signs of alternating components of the first
amble sequence, or flipping the signs of the components of
the first amble sequence following a random variable, or any
combinations thereof.

12. The method of claim 9, wherein the wireless commu-
nication network wirelessly communicates based on
Orthogonal Frequency Division Multiplexing and the first
node 1s a mobile or portable station.
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13. The method of claim 12, wherein the wireless commu-
nication network 1s a WiMAX Mobile Multi-hop Relay-
Based network comprising one or more base stations and one
or more relay stations to one or more of the mobile or portable
stations, and

the existing amble sequence 1s transmitted by the base

stations and recognizable by the relay stations and the
mobile or portable stations, and

the first and second amble sequences are transmitted by the

base station and visible to the relay stations and invisible
to the mobile or portable stations.

14. An apparatus, comprising:

a computer readable recording medium storing a wireless

communication first amble sequence; and

a controller

generating a second wireless communication amble
sequence 1n a frequency domain having a low cross-
correlation with the first wireless communication
amble sequence,

generating a third wireless communication amble
sequence based upon the second amble sequence and
having a low cross-correlation with the second wire-
less communication amble sequence, and

transmitting a pair of the second and third wireless
amble sequences with each amble sequence of the
pair in an alternate frame.

15. The apparatus of claim 14, wherein the generating of
the third amble sequence comprises flipping signs of one or

more components 1n the second amble sequence.
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16. The apparatus of claim 15, wherein the flipping of the
signs of the components of the second amble sequence com-
prises flipping the signs of alternating components of the
second amble sequence, or flipping the signs of the compo-
nents of the second amble sequence following a random
variables, or any combinations thereof.

17. The apparatus of claim 16, wherein the signs of the
components of the second amble sequence 1s randomly
changed according to a discrete random sequence of { -1, +1}
generated independently with equal probability.

18. The apparatus of claim 14, wherein the controller fur-
ther verifies whether the third amble sequence has a low
cross-correlation with the first amble sequence.

19. The apparatus of claim 14, wherein the controller wire-
lessly communicates in a WiMAX Mobile Multi-hop Relay-
Based wireless communication network to one or more relay
stations and/or one or more mobile stations, and

the first amble sequence 1s recognizable by the relay sta-

tions and the mobile stations, and

the second and third amble sequences are recognizable by

the relay stations and invisible to the mobile stations.

20. The apparatus of claim 19, wherein the {first, second,
and third amble sequences are based upon Orthogonal Fre-
quency Division Multiplexing wireless communication sys-
tems.
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